Introduction
The consumption of dietary fiber plays an important role in the prevention of various diseases including colon cancer, coronary heart disease, obesity, diabetes, and gastrointestinal disorders. Insoluble fiber, which is often found in cereals, is mainly related to intestinal regulation, whereas soluble fiber, mainly found in fruits and vegetables, is involved in lowering blood cholesterol and glucose adsorption (THEBAUDIN et al., 1997; CHAU; HUANG, 2004) . A reduction in the Glycemic Index (GI) of starch-based foods can be obtained with the use of fibers which could be beneficial to diabetic patients by aiding in the control of postprandial insulin release (ROBERTS, 2000) .
Breakfast cereals have been widely consumed in the last decades and the main process used to produce them has been thermoplastic extrusion. This process permits the manufacturing of a large variety of products with few modifications of equipment and a proper control of operational parameters (MERCIER; LINKO; HARPER, 1998).
The aim of this study was to evaluate the GI of an extruded breakfast cereal based on corn flour and different concentrations of commercial organic Passion Fruit Fiber (PFF), varying the following extrusion parameters: raw material moisture content and 2 nd and 3 rd barrel zone temperatures, using a 2 3 central composite rotational design.
In vitro glycemic index analysis
The in vitro Glycemic Index (GI) of the raw materials and extrudates was determined according to the methodology described by Goñi et al. (1997) , with the following modifications: glucose concentration was determined using a GOD-PAD glucose kit (Laborlab, Brazil) and the color reaction was measured in a UV/VIS spectrophotometer, model DU 70 (Beckman, USA), at λ = 505 nm.
Glucose digestion rate was expressed through the percentage of glucose in each sample (mg glucose.100 mg -1 sample) at each time interval (0, 30, 60, 90, 120, 150, and 180 minutes) . Hydrolysis curves were built (disregarding the value at time 0), and the area below the hydrolysis curves was calculated (AHC). The Hydrolysis Index (HI) for each sample was calculated as the ratio between the AHC of each sample and the AHC of white bread, used as reference, and expressed in percentage, as reported by Goñi et al. (1997) . Finally, the GI was calculated according to Equation 1:
where GI = Glycemic Index (%); and HI = Hydrolysis Index (%).
Comparison between the GI of the raw materials and of the extrudates
The extrudates with the highest and lowest GI values were compared with the GI determined for the raw materials (passion fruit fiber and corn flour) and with white bread, used as reference. The hydrolysis curves were built as described in the section above (In vitro glycemic index analysis).
Statistical analysis
The analysis of variance (ANOVA) and the Tukey test, at a 95% significance level, were carried out to determine statistical differences in the particle size of each raw material using the SAS program version 6 (SAS Institute, USA).
To analyze the results of the GI of the extrudates, the Response Surface Methodology was applied using the Statistica software version 5.5 (Statsoft, USA). The analysis of variance (ANOVA) was carried out using the coded values of the independent variables. The significance of the regression coefficients and the lack of fit were evaluated, at a 90% significance level, through the F test. The coefficient of determination (R 2 ) was also calculated and analyzed. For comparison and an easy visualization of the influence of fiber addition and extrusion parameters studied on the GI, Principle Component Analysis (PCA) was also carried out, using the SAS program, version 6 (SAS Institute, USA) and the graphic representation was made using Origin, version 4.1 (Microcal, USA).
Results and discussion

Characterization of the raw materials
The proximate compositions of the raw materials, corn flour, and passion fruit fiber are presented in Table 2 . Corn flour 2 Material and methods
Material
Commercial organic Passion Fruit Fiber (PFF) was obtained from Sítio Boa Esperança, Guaratinguetá -SP, Brazil. PFF is a byproduct of the passion fruit pulp extraction process. The peel, without pulp and seeds, is used as fiber source.
The commercial organic corn flour was obtained from Cooperativa Agropecuária Alto Uruguai Ltda. Cotrimaio, Três de Maio -RS, Brazil. Raw materials were also characterized as to particle size. Particle size was determined according to the AOAC Method 965.22 (ASSOCIATION..., 1995) , modifying the series of sieves, which varied from 20 to 100 mesh.
Methods
Characterization of the raw materials
Extrusion process
For the production of the extrudates, a 2 3 Central Composite Rotational Design (CCRD) was followed and the Response Surface Methodology (RSM) was used to evaluate the effects of raw material moisture content, 2 nd and 3 rd barrel zone temperatures, and added passion fruit fiber on the in vitro Glycemic Index (GI) of the extrudates, with levels of variation as shown in Table 1 .
The processing was carried out in a single-screw laboratory extruder (20 L/D Brabender, Germany), keeping feeding rate (70 g/minute), 1 st barrel zone temperature (80 °C), screw speed (130 rpm), screw compression ratio (3:1), and die diameter (3.4 mm) constant.
All extrudates produced were dried in a hot air circulation oven with air renewal, model TE 394/2 (Tecnal, Brazil), at 80 °C for 1 hour. They were then ground to a flour and sieved to standardize particle size (< 100 mesh) for the determination of the in vitro glycemic index. 
Extrudates
The extruded products presented GI values between 47.93 and 49.74, as can be observed in Table 4 . No references in literature using experimental design to evaluate the effects of the thermoplastic extrusion process and of the formulation on the GI of extruded products were found. Nonetheless, as previously mentioned (GOÑI et al., 1997) , these values are much lower than those reported for other prepared foods, such as white bread, spaghetti, rice, biscuits, and boiled potatoes.
Analyzing Table 5 , it can be observed that the only statistically significant effect (p < 0.10) was process temperature. Also, the standard errors for all effects were high. Therefore, the mathematical model and the response surfaces were not considered for the GI as response, for, when eliminating the nonsignificant effects from the statistical analysis, the coefficient of determination (R 2 ) was reduced to less than 60%, and the residues were high.
It was not possible to observe the effects of the variables studied on the GI through the RSM; thus, the average GI obtained for the extrudates (48.41) was considered. However, in order to tentatively select the processes that lead to the lowest GI values individually, Principal Component Analysis (PCA) was used. The results can be observed in Figure 1 .
In Figure 1 , it can be seen that PC1 (Principal Component 1) explained 96% of the responses for the GI; thus, the assays that led to the lowest GI values were Assays 2 and 4, which have the quantity of added PFF (24%) and the extrusion temperature (128 °C) in common, although having raw material moisture contents of 20 and 26%, respectively. presented high carbohydrate content, predominantly starch, and low fiber content, justifying the interest in enriching breakfast cereals based on corn flour with fibers. The results of corn flour composition are in accordance with Ferreira (2006) .
It can be observed that passion fruit fiber contains a high content of total dietary fiber (64.11%) presenting significant contents of soluble fiber (13.96%), different from corn flour which presented a lower total dietary fiber content (3.68%), of which only 0.31% was soluble fiber. Matsuura (2005) reported 67.5% total dietary fiber in passion fruit fiber obtained from the albedo of the fruit, of which 35.8% was insoluble fiber and 31.7% was soluble fiber. When the results are compared, it can be seen that the soluble fiber/insoluble fiber ratio was lower in our study (0.28) than that reported by this researcher (0.88). This fact is attributed, in part, to the use of whole passion fruit fiber (including the peel) in this project, while Matsuura (2005) used only the albedo. Passion fruit fiber also presented considerable quantities of protein (7.63%) and ash (6.17%). The ash content represents the minerals present in the material, such as sodium, potassium, and iron (MATSUURA, 2005) .
Corn flour presented a homogeneous particle size distribution, with 85% between 32 and 60 mesh, while PFF presented a heterogeneous particle size distribution, with 29% between 20 and 32 mesh, 32% between 32 and 60 mesh and 22.5% smaller than 100 mesh, as shown in Table 3 .
The Glycemic Index (GI) was 48 for corn flour and 45 for PFF. These values are much lower than those mentioned by Goñi et al. (1997) for white bread (100), spaghetti (78), rice (81), biscuits (79), beans (60), peas (74), boiled potatoes (101), and potato chips (74) and similar to those mentioned for lentils (42) and chickpeas (47) (GOÑI et al., 1997; CHUNG et al., 2008) . On the other hand, Assay 7, with a low PFF content (6%) and processed under high moisture content (26%) and temperature (152 °C), led to the highest GI values (49.74).
Temperature influences the GI, as it promotes a higher degree of starch gelatinization and possibly dextrinization, increasing starch susceptibility to α-amylase. One of the most important factors affecting the susceptibility of extruded starch to enzymatic hydrolysis and intestinal absorption is the degree of starch gelatinization and dextrinization that promote changes in the physicochemical properties of the extrudates, such as viscosity and solubility (MERCIER; LINKO; HARPER, 1998). Therefore, the processes described by Assays 2 and 4 were those that led to the lowest GI values, while Assay 7 led to the highest values. These three assays were selected for the comparative study between the GI of the extrudates, white bread, and the raw materials.
Comparison between the GI of the raw materials and of the extrudates
The hydrolysis curves of the two raw materials and the reference (white bread) are shown in Figure 2 .
It can be clearly seen that the raw materials were less digested than the reference (white bread). For corn flour, this fact is related to the structure of non-gelatinized starch. Generally, in natura grain flours contain non-gelatinized starch granules, which are resistant to enzymatic digestion (GOÑI et al., 1997) , different from white bread which presents higher availability of gelatinized starch for the action of pancreatic enzymes in its composition. The rate of hydrolysis increases proportionally with the degree of starch gelatinization (CHUNG; LIM; LIM, 2006) . It can also be observed that PFF presents lower hydrolysis values when compared to corn flour; however, the difference is not great. The lower values of hydrolysis found for PFF are probably related to its total dietary fiber content. Comparing the GI values of the extrudates (Table 4) with those of the raw materials (48 and 45%, for corn flour and PFF, respectively), a certain similarity was observed; thus, there was not a significant increase after extrusion. This could be explained by the action of the fibers involving the gelatinized starch by the formation of a polymeric matrix that made the enzymatic attack more difficult during the determination of the in vitro glycemic index, as previously described by Gourgue et al. (1994) and Chung, Lim and Lim (2006) . However, Assay 9, without the addition of PFF, also presented low GI. The low GI values found in all assays could also be explained due to incomplete gelatinization and retrogradation of starch preventing the action of amylases in the starch.
In this study, the extruded products obtained from all assays can be considered "low glycemic index products", according to the classification defined by Englyst and Hudson (1996) , and may be considered as a possible health food alternative for individuals on weight control diets, diabetics, or those searching for healthier eating habits.
Conclusion
All the extrudates produced in this study showed a reduction of the in vitro glycemic index of approximately 50% when compared to that of white bread and could be considered an interesting alternative to be used as extruded breakfast cereals in weight and glycemia control diets, in which a slower liberation of glucose is desired.
